PB1-F2 is a pro-apoptotic polypeptide of many influenza A virus (FLUAV) isolates encoded by an alternative ORF of segment 2. A comprehensive GenBank search was conducted to analyse its prevalence. This search yielded 2226 entries of 80 FLUAV subtypes. Of these sequences, 87 % encode a PB1-F2 polypeptide greater than 78 aa. However, classic swine influenza viruses and human H1N1 isolates collected since 1950 harbour a truncated PB1-F2 sequence. While PB1-F2 of human H1N1 viruses terminates after 57 aa, classic swine H1N1 sequences have in-frame stop codons after 11, 25 and 34 codons. Of the avian sequences, 96 % encode a full-length PB1-F2. One genetic lineage of segment 2 sequences which is avian-like and different from the classic swine FLUAV comprises PB1-F2 sequences of porcine FLUAVs isolated in Europe (H1N1, H1N2, H3N2). Of these PB1-F2 sequences, 42 % also exhibit stop codons after 11, 25 and 34 codons. These amino acid positions are highly conserved among all FLUAV isolates irrespective of their origin. Molecular genetic analyses reveal that PB1-F2 is under constraint of the PB1 gene. The PB1-F2 polypeptide of FLUAVs isolated from European pigs is expressed in host cells as demonstrated by immunohistochemistry. Using different PB1-F2 versions fused to an enhanced GFP, mitochondrial localization is demonstrated for those PB1-F2 polypeptides which are greater than 78 aa while a truncated version (57 aa) shows a diffuse cytoplasmic distribution. This indicates similar properties and function of porcine and human FLUAV PB1-F2.
INTRODUCTION
Influenza A virus (FLUAV) is an important human and animal pathogen with a segmented, negative-stranded RNA genome (Lamb & Krug, 1996) . Eight segments encode the subunits of the transcriptase complex (PB1, PB2, PA, nucleoprotein NP), the matrix protein (M1), the proapoptotic NS1, the nuclear export protein (NS2/NEP) and three integral membrane proteins (haemagglutinin HA, neuraminidase NA, proton channel M2). Recently, the existence of an eleventh protein encoded by an alternative ORF of segment 2 was reported (Chen et al., 2001) . This protein, designated PB1-F2, shows variable expression levels in individual infected cells, rapid proteosome-dependent degradation and a predominantly mitochondrial localization in approximately 50 % of PB1-F2-expressing cells. The latter is achieved by a mitochondrial targeting sequence (MTS) which has been predicted to form a positively charged amphipathic helix (Gibbs et al., 2003; Yamada et al., 2004) . It has been proposed that PB1-F2 is a pro-apoptotic protein interacting with the mitochondrial proteins ANT3 (adenine nucleotide translocator 3) and VDAC1 (voltagedependent anion channel 1) which are located in the mitochondrial envelope (Zamarin et al., 2005) . Cell-typedependent induction of cell death was observed in infected host immune cells, but not in epithelial cells. Originally described as an 87-residue protein of influenza virus A/PR/ 8/34, a 90-residue PB1-F2 has also been observed (Chen et al., 2001 (Chen et al., , 2004 . Moreover, it has been reported that PB1-F2 is present in nearly all human FLUAV isolates, but absent in many animal isolates, particularly of porcine origin (Chen et al., 2001) .
The aim of this study was a comprehensive evaluation of the FLUAV segment 2 sequences deposited in the GenBank nucleotide sequence database to gain a detailed view on the prevalence of PB1-F2. As this systematic evaluation revealed unexpected results, the expression of PB1-F2 in cells infected with a porcine FLUAV isolate and its mitochondrial location were demonstrated. To describe the selective forces driving segment 2 evolution, a molecular genetic analysis was conducted.
green fluorescent protein (EGFP) fusion proteins. PB1-F2-encoding sequences of isolates A/swine/Potsdam/15/81 (90 aa) and A/swine/Bakum/1832/00 (79 aa) were amplified using the upstream oligonucleotides 8-PB1F2-Xho (59-GATCGACTCGAGAATGGAAC-AGGGACAGGATACACC-39) and 12-PB1F2-Xho (59-GATCGACT-CGAGAATGGAACAGGGACAGGATACACC-39), and the respective downstream oligonucleotides 8-PB1F2-Bam (59-GATCGAGG-ATCCTATTTGTCCACTCTTGTTTGCTG-39) and ). An artificial construct encoding the N-terminal 57 aa was generated by use of oligonucleotides 8-PB1F2-Xho and 8*-PB1F2-Bam (59-GATCGAGGATCCTGGACACAATCTGTTTGTGCATATC-39). The amplification reaction results in PB1-F2 fragments containing a 59-terminal XhoI restriction enzyme recognition site followed by an ATG translation initiation codon and the respective coding triplets. The 39 terminus comprises a BamHI recognition sequence. PCR products were digested with BamHI and XhoI, ligated into the 59 multiple cloning site of the pHygEGFP vector (Clontech) and used to transform competent Escherichia coli cells. Accuracy of the plasmid constructs was determined by sequence analysis.
Transfection of HeLa cells, mitochondrial labelling and confocal microscopy. HeLa cells were grown on slides up to 75 % confluence. Then, the cells were transfected with the respective plasmid constructs using the Effectene transfection reagent (Qiagen), according to the manufacturer's instructions. Twenty-four hours post-transfection, cells were examined by confocal laser scanning microscopy. To assess patterns of subcellular localization of various PB1-F2-EGFP constructs, transfected cells were labelled in vivo with the mitochondria-specific fluorescence markers JenMitoStain 1 {JMS-1, (Krieg, 2006; R. Krieg, A. Eitner, W. Günther, C. Schürer, J. Lindenau, H.-J. Halbhuber, unpublished) . The selective stains used for mitochondria are newly developed dyes belonging to the class of cyanine dyes. So far, JMS-1 and JMS-28j are developed only for research purposes and are not available commercially. Weak basic and electrochromic properties of the positively charged dye provide the main preconditions for its specific incorporation into mitochondria associated with a pronounced change of spectral properties (Ross et al., 2005; Krieg, 2006) . The fluorescence intensity of accumulated JMS-1 and JMS-28j are dependent on mitochondrial respiration as well as ATP synthesis. An impairment of mitochondrial bioenergetics results immediately in a decrease in fluorescence intensity.
JMS-1 and JMS-28j were dissolved in culture medium to a final concentration of 1 mM. HeLa cells were incubated at 37 uC for 1 h under growth conditions. Subsequently, EGFP as well as mitochondrial stain fluorescence in living transfected cells was examined with a confocal laser scanning microscope (LSM 310; Zeiss) equipped with an Ar laser and an HeNe laser. EGFP was excited with the Ar laser at an excitation wavelength of 488 nm. The emission signal of EGFP was detected using a bandpass optical filter of 505-545 nm and visualized in the green channel. The mitochondria markers were excited with the 543 nm laser line from the HeNe laser and recorded in the red channel using a longpass optical filter of 560 nm. The laser power was kept at very low intensity values to limit cytotoxicity.
Generation of polyclonal PB1-F2 antibodies. Oligonucleotides PB1F2-Nde (59-GATCGACATATGGAACAGGGACAGGATACACC-ATGG-39) and PB1F2-Bam-stop (59-GATCGAGGATCCTCAATTTG-TCCACTCTTGTTTGCT-39) were used to amplify the PB1-F2 sequence of A/swine/Potsdam/15/81. The amplification results in a PB1-F2 fragment which is flanked by a 59-terminal NdeI restriction site and a 39-terminal stop codon followed by a BamHI recognition sequence. The digested amplicon was ligated into a pET-15b expression vector (Novagen) which carries an N-terminal His-tag sequence followed by a thrombin cleavage site. PB1-F2 expression was induced in transformed Escherichia coli strain BL21 by IPTG. PB1-F2-66His fusion protein was purified using Ni-NTA agarose (Qiagen). One milligram PB1-F2-66His eluate ml 21 was emulsified with an equal volume of Freund's adjuvant (Sigma-Aldrich) dissolved in 0.9 % sodium chloride and used to immunize rabbits twice in intervals of 4 weeks. One month after the booster, the rabbits were bled. The obtained antiserum was tested against bacterial protein lysate by Western blotting.
Immunohistochemistry. MDCK cells were grown on 16-well slides and infected at an m.o.i. of 0.1 with the respective virus isolate. After an incubation period of 12-24 h, cells were fixed with methanol and washed with PBS. The endogenous peroxidase activity was inhibited with hydrogen peroxide, and cellular biotin activity was blocked by addition of avidine and biotin. The PB1-F2 antiserum was diluted up to a factor of 1 : 9.600 and co-incubated with pre-treated cells for 12 h at 4 uC. Then, cell-antibody complexes were washed with PBS and coincubated with biotinylated secondary antibodies for 30 min. Subsequently, streptavidine-peroxidase complex was added for an additional 30 min. A chromogenic substrate (Litaris) was administered and the development of a chromogenic reaction was monitored by microscopy. After disinfection with 4 % formalin, slides were counterstained with Mayer's haemalum and prepared for light microscopy.
RESULTS
Prevalence of intact PB1-F2 in influenza A viruses Chen et al. (2001) described 64 of 75 FLUAV segment 2 sequences accessible in the GenBank nucleotide sequence database to have PB1-F2 ORFs of 87 and 90 aa residues, respectively. Eleven sequences, six of which were porcine isolates, had in-frame stop codons leading to truncated PB1-F2 polypeptides. This preliminary survey led to the conclusion that PB1-F2 is present in nearly all human FLUAV isolates, but absent in many animal isolates, particularly of porcine origin (Chen et al., 2001) . However, sequencing of segment 2 RNA of 12 porcine H1N1, H1N2 and H3N2 influenza viruses isolated in Germany between 1981 and 2002 revealed both intact and truncated PB1-F2 ORFs. To analyse the prevalence of intact PB1-F2 of FLUAV in more detail, GenBank was scanned for complete and partial FLUAV segment 2 sequences and 2226 entries were found to be suitable for further analysis of PB1-F2 (last update: 15 June 2006). These sequences represent 80 FLUAV subtypes: 1228 human, 137 non-human mammalian (119 porcine, 10 equine, 3 canine, 1 feline, 3 tiger, 1 leopard) and 861 avian isolates ( Table 1 ). Regardless of their origin, 87 % of these sequences encoded a PB1-F2 polypeptide greater than 78 aa which is supposed to be functional (Yamada et al., 2004) . Among these, 29 sequences contained an ORF encoding 101 aa, 27 of which belonged to the H3N2 subtype (human isolates) and one each to H5N1 and H9N2 (both avian isolates). A detailed analysis of the 80 FLUAV subtypes (supplementary Table S1 ) revealed the following subtypes with a strikingly low number of intact PB1-F2 ORFs: H1N1, H6N6 and H13N2. For the remaining subtypes, the fraction of intact PB1-F2 ORFs ranged from 82 to 100 %.
Genetic analysis of segment 2 sequences
Analysis of the in-frame stops of the PB1-F2 ORF revealed mutations at amino acid positions 9, 12, 26, 28, 35, 44, 58, 60, 64, 73, 80, 82, 88 For molecular genetic analyses, 247 segment 2 sequences (PB1 ORF, 2271 nt), which were considered to be representative for human, porcine and avian FLUAV isolates, were subgrouped into six datasets: set 1 representing European porcine influenza virus isolates (H1N1, H1N2, H3N2; n=31 sequences); set 2 representing classic swine influenza virus isolates (H1N1; n=11); set 3 representing human H1N1 isolates (n=23); set 4 representing human H2N2 isolates (n=21); set 5 representing human H3N2 and H1N2 isolates as well as porcine H3N2 and H1N2 isolates from non-European countries and reassortants from those viruses (n=80); and set 6 representing other FLUAV subtypes, mainly avian isolates (n=81). Set 7 included the sequences of sets 1-6 and three equine/canine FLUAV sequences (250 sequences in total). To identify significant differences of the PB1-and PB1-F2-encoding gene regions, the evolutionary change in nucleotide sequences was analysed. For the molecular genetic analyses, transition/transversion (ts/tv) rate ratios, segregation, diversity and the rates of synonymous and non-synonymous substitutions of the seven datasets were determined.
The ratio of the ts/tv rates (k=2R) indicates the occurrence of non-random distribution of nucleotide substitutions. The mean k value of the 250 sequences (set 7) was 6.8 for the PB1 ORF and 9.2 for the PB1-F2 ORF, showing a high proportion of transitions (Table 2) . Datasets 1-6 yielded a similar excess of transitions. However, the k values of PB1-F2 differ from the extremely high estimate of 33.3 previously found for avian FLUAV PB1-F2 (Obenauer et al., 2006) .
Commonly used measures to describe the extent of polymorphism are the number of segregating sites per site (pS) and the diversity (p). A segregating site is defined as any nucleotide/amino acid site that shows substitutions among a compared set of sequences while diversity is the mean number of nucleotide/amino acid differences per site between two sequences. The mean value of p obtained after pairwise comparisons of PB1 sequences was estimated to be 0.1174 (Table 2) . Using the sliding window option of DnaSP4.10.7 software (window length 100, step size 25), no striking differences in p across the segment were observed, indicating that the complete sequence is underlying the same selective force. At the nucleotide level, the mean values of p and pS are similar for the PB1 and PB1-F2 ORFs in each dataset (Table 2) . For amino acid sequences, however, p is 6-to 13-times and pS is 2-to 7-times greater for PB1-F2. This observation is the consequence of mostly synonymous third base substitutions in the PB1 ORF which correspond to non-synonymous exchanges at the second codon positions of the +1 shifted PB1-F2 ORF (Table 2) . Such non-synonymous substitutions result in amino acid exchanges. Analysis of the base substitutions revealed 707 segregating sites at the third nucleotide position of the PB1 codons (n=250 sequences). The corresponding pS value for the third codon position of the PB1 ORF was 0.94, while the mean pS value is 0.51 (Table 2) . Accordingly, 88 of 90 nucleotide positions of the PB1-F2 sequences were segregated (pS=0.98); the mean pS value of the PB1-F2 ORF is 0.51.
The rates of synonymous and non-synonymous substitutions per site (dS, dN) should provide an indication of the selective forces driving the evolution of the segment 2 sequences. For this analysis, dS and dN of each dataset were estimated und used to calculate the difference between dS and dN as well as v values. The mean dS-dN differences of the PB1 gene were positive and significant (mean SEM 0.01).
The mean v values ranged from 0.015 to 0.062. Both estimations indicate negative (purifying) Darwinian selection (dS>dN, Table 3 ). In contrast, negative dS-dN values of the PB1-F2-encoding sequences and mean v values greater than one may suggest positive (diversifying) selection (dS<dN). To prove the significance of these results, several tests for detecting selection were conducted. The Tajima test (Tajima, 1989) and two approaches of Fu & Li (1993) are based on DNA polymorphism. These assays examine the relationship between the number of segregating sites and nucleotide diversity. The results for Tajima's D, Fu & Li's D* and Fu & Li's F* assays, though negative, were not significant for each test (Table 3) . Neutral selection (null hypothesis H0: dN=dS) was also investigated employing the Z-test first used by Miyata & Yasunaga (1980 Table S2a ). However, the pairwise comparison of closely related PB1 datasets yielded non-significant G values, and comparison of the PB2 datasets did not allow the test to be performed due to the low number of fixed substitutions (supplementary Table S2a ).
Phylogenetic analysis of PB1 sequences
Phylogenetic analysis of the 250 aligned segment 2 sequences (2271 nt) revealed remarkable results. Each of the human subtypes H1N1, H2N2 and H3N2 showed a monophyletic clustering of the PB1 sequences (Fig. 1) . The H1N1 cluster divides into two main lineages (Fig. 1b) Fig. 1 ). Distinct genetic lineages can be demonstrated for all segments (e.g. Guan et al., 1996; Brown et al., 1998) .
European porcine FLUAVs differ genetically from classic swine FLUAV (Castrucci et al., 1993 (Castrucci et al., , 1994 Brown et al., 1998; Marozin et al., 2002) . As demonstrated in Fig. 1(c) , segment 2 of European porcine H1N1, H1N2 and H3N2 viruses has a monophyletic origin with the exception of A/ swine/Finisterre/127/99 (H3N2) which is a reassortant of a porcine and a human H3N2 (Fig. 1d) . Eleven of 31 fulllength sequences and 7 of 12 partial sequences (in total 18 of DStandard error=square root of variance. The H3N2 cluster (Fig. 1d ) includes human and numerous porcine FLUAV isolates from America and Asia, as well as H1N2 and a few H1N1 isolates. Most of these sequences encode an intact PB1-F2. Within the H3N2 cluster, genetic drift has led to a continuous evolution of the segment 2 sequences with distinct branches representing lineages of human and porcine H3N2 viruses and the emergence of human and porcine H1N2 viruses as a result of independent reassortment events. Human H3N2 isolates from the state of New York collected in 1996 and 1997 are an example of the co-circulation of two distinct segment 2 lineages in the same area: while segment 2 of one lineage encodes an intact PB1-F2, the other lineage is characterized by a unique truncation after codon 63 (Fig. 1d) . Interestingly, the PB1 sequences of five H1N1 isolates cluster within the H3N2 branch: 
Detection of PB1-F2 expression of porcine influenza A viruses
A previous study described PB1-F2 as a putative protein absent from many animal isolates, particularly in those of porcine origin (Chen et al., 2001) . However, approximately 60 % of the segment 2 sequences of European porcine isolates, all sequences of other mammalian isolates and 96 % of the avian isolates exhibit a PB1-F2 expressing a functional MTS (Tables 1 and 4 ). To elucidate the significance of this observation, experiments were performed to demonstrate the presence of the PB1-F2 polypeptide of porcine FLUAV in virus-infected MDCK cells. For this purpose, RNA of A/ swine/Potsdam/15/81-infected cells was reverse-transcribed and the cDNA was used to clone the PB1-F2 ORF into the pET15b expression vector. Recombinant PB1-F2 was purified and used to immunize rabbits. The antiserum was employed to detect the PB1-F2 polypeptide in MDCK cells, infected at an m.o.i. of 0.1 with porcine FLUAV isolates, by immunohistochemistry. Twelve hours post-infection, the 90 aa protein of A/swine/Potsdam/15/81 was readily detectable in virus-infected cells, but not in non-infected cells (Fig. 2) .
Subcellular localization of PB1-F2 of porcine influenza A viruses
A mitochondrial localization has been described for PB1-F2 of human FLUAV (Chen et al., 2001; Gibbs et al., 2003; Yamada et al., 2004; Zamarin et al., 2005) . To investigate the subcellular localization of PB1-F2 of porcine FLUAV, HeLa cells were transfected with pHygEGFP derivatives, allowing the transient expression of the Aequorea victoria EGFP fused to various PB1-F2 ORFs. The ORFs encoded PB1-F2 polypeptides of 57, 79 and 90 aa, respectively. Such ORFs are frequently observed in FLUAV isolates. Upon transfection with the pHygEGFP derivatives, cells were incubated at 37 uC for 24 h. Then, cells were treated with JMS-28j and JMS-1, respectively, which stains intact Tables 2 and 3 . DIncludes sequences with a missing start codon.
mitochondria. The fluorescent signals were analysed using confocal microscopy.
Due to the low transfection efficiency of HeLa cells, the fraction of EGFP-tagged PB1-F2-expressing cells was below 10 %. However, excitation at 488 nm revealed a mitochondrial localization of the EGFP fusion protein with full-length (90 aa) PB1-F2 of A/swine/Potsdam/15/81 (Fig. 3A-C) and a C-terminally truncated 79 aa protein of A/swine/Bakum/ 1832/00 (Fig. 3D-F) . As a control, excitation at 543 nm was performed to demonstrate staining of intact mitochondria with JMS-28j and JMS-1, respectively. In accordance with previous findings (Chen et al., 2001) , all HeLa cells expressing EGFP-tagged porcine full-length PB1-F2 showed accumulation of this polypeptide in mitochondria (Fig. 3A, B) . In the overlay, co-localization of EGFP-tagged PB1-F2 and dyes JMS-28j or JMS-1 is indicated by yellow spots. In those cells, however, numerous mitochondria do not contain the fusion protein.
In general, a change in morphology is observed for mitochondria affected by functional PB1-F2 constructs. While normal mitochondria are thin and thread-like, PB1-F2-expressing mitochondria have a round shape, appear to be swollen and many lose the ability to accumulate dye JMS-1. This indicates a loss of normal mitochondrial function. Fig. 3 (B) shows cells with a low level of full-length PB1-F2 expression. Fig. 3 (C, E, F) demonstrates cells with either high expression levels of the respective constructs or at a later stage. In these cells, the number of mitochondria showing co-localization of PB1-F2 and JMS-1 is reduced. A further C-terminal truncation of the PB1-F2 ORF (57 aa) resulted in diffuse cytoplasmic distribution of the fusion protein (Fig. 3G, H ) which is indistinguishable from the control (unfused EGFP; Fig. 3I , J). However, the 57 aa polypeptide fused to GFP appears to be stable enough to accumulate in the cytoplasm.
Occasionally, mitochondrial accumulation of the fusion protein was observed despite truncation of the complete MTS (Fig. 3H ).
DISCUSSION
Analysis of 2226 segment 2 sequences deposited in GenBank revealed that 87 % of the FLUAV segment 2 sequences encode an intact PB1-F2 (Table 1) . However, a detailed analysis resulted in two surprising findings: (i) since 1950 all circulating human H1N1 isolates have a truncated PB1-F2 (57 aa), and (ii) many porcine isolates and most avian isolates (96 %) express an intact PB1-F2.
Eighty-nine of 119 sequenced porcine FLUAV isolates (75 %) express a PB1-F2 polypeptide with a size ranging from 79 to 90 residues (Table 1) . While PB1-F2 of classic swine H1N1 viruses is truncated, many European porcine FLUAV (H1N1, H1N2, H2N3) and all American and Asian porcine H1N2 and H3N2 isolates express the full-length polypeptide. To prove the presence of the postulated polypeptide in virus-infected cells, PB1-F2 of a German porcine isolate was demonstrated by immunohistochemistry (Fig. 2) . In previous experiments, the MTS of PB1-F2 was located to amino acids 46-75 (Yamada et al., 2004) , while Gibbs et al. (2003) defined the minimal MTS ranging from amino acid 65 to 82 and the optimal MTS from 65 to 87. In transfected HeLa cells, mitochondrial co-localization of EGFP-tagged PB1-F2 of porcine FLUAVs (90 and 79 aa) was demonstrated by staining with dyes JMS-28j and JMS-1, indicating that PB1-F2 polypeptides with a C-terminal truncation up to amino acid 79 are functional. This finding fits well with the previous observation that the positively charged residues K 73 and R 75 are essential for mitochondrial targeting (Yamada et al., 2004) . A further truncation (57 aa) usually resulted in a diffuse distribution of the fusion protein in the cytoplasm and the nucleus (Fig. 3G, H) . In general, PB1-F2 expression results in a loss of normal mitochondrial function, since not all intact mitochondria (as indicated by uptake of DY m -sensitive dyes) simultaneously show PB1-F2-EGFP staining (Fig. 3A, B, D) . This observation is in accordance with previous reports describing mitochondrial dysfunction in PB1-F2-expressing cells (Gibbs et al., 2003; Yamada et al., 2004; Zamarin et al., 2005) . Apparently, the PB1-F2 properties of porcine FLUAV isolates do not differ from those of human FLUAV isolates. Although the details of PB1-F2 function are unclear, it is thought to bind to the mitochondrial proteins ANT3 and VDAC1, resulting in mitochondrial damage and subsequent apoptosis (Gibbs et al., 2003; Yamada et al., 2004; Zamarin et al., 2005 ; see also Fig. 3 ).
PB1-F2 was found in 80 FLUAV subtypes. Analysis of human H1N1 and European porcine FLUAV isolates showed numerous sequences with truncated PB1-F2 ( (Tables 2 and 3) suggest that PB1-F2 is under constraint of the PB1 ORF. According to Kimura's neutral theory of molecular evolution, v values less than 1 are indicative of negative selection (Kimura, 1983) . The mean v value of the PB1 gene is far below the conservative cut-off of 0.5, and the Z-test for neutrality supports purifying selection but rejects positive selection for all pairwise comparisons. For PB1-F2, the Ztest favours positive selection of most pairwise comparisons and rejects negative selection. To appraise the Z-tests appropriately, one has to consider that in overlapping gene regions, synonymous third base substitutions in the PB1 ORF correspond to non-synonymous exchanges at the second codon positions in the PB1-F2 ORF. The nonsynonymous substitutions provoke diversification of PB1-F2 and truncation. The sliding window method which allowed calculation of diversity across the whole of the segment 2 sequence revealed no striking differences in p. Therefore, it is concluded that negative selection of the PB1 ORF rather than positive selection of the +1 ORF is the reason for the observed variation in PB1-F2. The other neutrality tests did not yield clear results and have to be interpreted with caution. The McDonald-Kreitman test reveals an excess of synonymous nucleotide exchanges for the comparison of some, but not all PB1 datasets, and fails to detect positive selection for PB1-F2. Also, the neutrality tests based on DNA polymorphism (Tajima test, Fu & Li tests) did not yield significant results.
A striking difference with respect to the k value of PB1-F2 estimated in this study and in a previous publication was observed. While Obenauer et al. (2006) determined k to be 33.3, the k values of the seven datasets in the present study ranged from 7.8 to 18.2. Two reasons may account for such a discrepancy. (i) Obenauer and colleagues used PAML software (Yang, 1997) which is based on maximumlikelihood methods, while in the present study an approach based on a parsimony analysis was employed (Nei & Gojobori, 1986) . (ii) Another reason could be the sample selection of both studies. Obenauer et al. (2006) computed k on the basis of 284 avian FLUAV segment 2 sequences, while in the present study datasets consisting of up to 250 virus sequences from different hosts were used.
Evidence of expression and mitochondrial localization of porcine FLUAV PB1-F2 suggests a similar function for the porcine und human PB1-F2 polypeptides. Induction of apoptosis in influenza virus-infected cells is well established and NS1 is an important pro-apoptotic protein. It induces expression of interferon a/b genes and inhibits the activation of NF-kB (for a recent review, see Ludwig et al., 2006) . Assuming a complex interplay leading to virus replication, activation of the apoptotic cascade and induction of the antiviral effect against influenza virus, the role of the proapoptotic PB1-F2 polypeptide in the viral life cycle remains to be elucidated.
